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Renal dysfunction and serious infections after open-heart sur- increased mortality after open-heart surgery [1–3]. Al-
gery. though the overall postoperative mortality ranges from
Background. Infections and sepsis are important determi- 2% to 8% [4–6], it is as high as 88% among patientsnants of mortality in patients with renal dysfunction. We stud-
who develop severe ARF requiring dialysis [7].ied the influence of preoperative renal function or postopera-
Among the patients who develop ARF, occurrence oftive acute renal failure (ARF) on the frequency of infections
after open-heart surgery. infections, sepsis syndrome, and septic shock are impor-
Methods. This was a retrospective analysis of 24,660 patients tant determinants of mortality [8–10]. Liano et al [10]
undergoing open-heart surgery from 1993 to 2000. Primary
reported the spectrum of ARF in the intensive care unitoutcome was occurrence of serious infections after open-heart
(ICU) and other settings, which included 748 episodessurgery; secondary outcome was hospital mortality.
Results. Overall incidence of infections after open-heart sur- of ARF. Infection was attributed as a cause of death in
gery was 3.3%. The infection rate was higher in patients with 40% of patients in the ICU. Regarding patients undergo-
lower preoperative creatinine clearance, ranging between 2.2% ing open-heart surgery, the frequency of infection is
and 10.0%. Regarding postoperative ARF, the frequency of
higher among those with impaired preoperative renalinfections was 58.5% in those patients requiring dialysis vs.
function or postoperative ARF [11–14]. However, few23.7% in those with ARF not requiring dialysis (P  0.001);
within each subgroup, however, the infection rates were similar studies address the interrelationship among preoperative
regardless of the baseline renal function. In patients who did renal dysfunction, postoperative ARF, and the overall
not develop ARF by either of our definitions, the infection frequency of serious infection after open-heart surgery.
rate was 1.6%. By multivariate analysis, preoperative renal
We hypothesized that reduced preoperative renalfunction was an independent risk factor associated with infec-
function would be associated with higher rates of infec-tions [odds ratio (OR) for preoperative creatinine1.2 mg/dL,
1.3; CI, 1.1 to 1.6]. The relationship between preoperative renal tion after adjusting for possible confounders. Although
function and infection prevailed even after excluding the pa- postoperative ARF may also influence the frequency of
tients with postoperative ARF. The overall morality was 2.2%; serious infection, we hypothesized that the relationshipthe mortality in patients with serious infection was 31.7%.
between preoperative renal function and infection wouldConclusion. Both preoperative renal dysfunction and post-
persist in those patients who do not develop ARF.operative ARF influence the frequency of serious infections
after open-heart surgery. The infection rate was higher in pa-
tients with postoperative ARF regardless of the baseline renal
function. However, preoperative renal dysfunction portended METHODS
higher risk of infection, independent of the influence of postop- Between January of 1993 and April of 2000, 24,660erative ARF.
patients underwent open-heart surgery at the Cleveland
Clinic Foundation, as recorded in the prospectively col-
lected database of the Department of CardiothoracicBoth preoperative renal dysfunction and postopera-
Anesthesiology. After excluding 2071 patients, the studytive acute renal failure (ARF) are associated with an
population consisted of 22,589 patients, including 15,851
males (70.1%) and 6738 females (29.9%). Racial catego-
Key words: renal failure, open-heart surgery, infection, sepsis. ries included whites (N  20,231; 89.6%), blacks (N 
849; 3.7%), and others (N  1509; 6.7%). We excludedReceived for publication April 11, 2002
2071 patients with one or more of the following charac-and in revised form October 29, 2002, and January 29, 2003
Accepted for publication February 18, 2003 teristics, including heart transplant recipients, those re-
quiring preoperative dialysis, left ventricular assist de- 2003 by the International Society of Nephrology
239
Thakar et al: Renal function and serious infections after open-heart surgery240
vices, use of extracorporeal membrane oxygenation, tion (45% ejection fraction), previous open-heart sur-
gery, emergency surgery, preoperative use of intra-aorticpreoperative tracheostomy, preoperative mechanical
ventilation, patients undergoing surgical placement or balloon pump, preoperative serum albumin level, and
baseline preoperative renal function. Renal function wasremoval of automated implantable cardioverter defibril-
lator, and those with missing data for the purpose of determined by serum creatinine and creatinine clearance
was subsequently estimated using the Cockroft andanalyses. One hundred sixty-four patients met more than
one criterion for exclusion. For excluded patients (N  Gault equation [19]. For the purpose of analysis, patients
were grouped into four different categories based on2071), the demographic distribution was similar to that
of the study population and included 1457 males (70.5%) their degree of preoperative renal dysfunction (creati-
nine clearances of30 mL/minute; 30 to 59.9 mL/minute;and 613 females (29.5%). Racial categories were 89%
whites (N  1856), 8.5% blacks (N  176), and 2.5% 60 to 90 mL/minute; 90 mL/minute) adapted from the
Kidney Disease Outcomes Quality Initiative (K/DOQI)others (N  49).
guidelines for the classification of stages of chronic kid-
Definitions ney disease.
Intraoperative risk factors included cardiopulmonaryThe primary outcome was occurrence of serious infec-
tion after open-heart surgery recorded in the ICU until bypass (CPB) time and type of cardiac surgery, including
coronary artery bypass graft surgery (CABG) (N the date of hospital discharge or death. The occurrence
of infections was recorded either during the immediate 12,840), valve surgery (N 5344), combined CABG and
valve procedures (N 3282), and other cardiac surgeriespostoperative period or following subsequent readmis-
sion to the ICU. The definition of “serious infection” (N  1123) such as septal defect repair, left ventricular
aneurysm repair, and pericardiectomy.included one or more of the following: pneumonia, medi-
astinitis, wound infection, sepsis syndrome, or septic Other complications recorded during the postopera-
tive period were cardiovascular, neurologic, and renal.shock. Sepsis syndrome and septic shock were diagnosed
based upon the criteria defined by the Society of Critical Renal morbidity after open-heart surgery was defined
in two ways: acute renal failure requiring dialysis (N Care Medicine. We recorded other types of postopera-
tive infections also recorded in the database, including 412) and 50% or greater decline in the estimated creati-
nine clearance relative to baseline, but not requiringbacteremia, fungemia, line sepsis, urinary tract infection,
empyema, endocarditis, and sternal wound infections. dialysis (N  706). More detailed definitions of risk fac-
tors and morbidities are reported in our previous publi-Patients who met the criteria for “serious infection” may
have had one or more of these other infections. The cation [15].
secondary outcome was all-cause hospital mortality.
Statistical analysis
Risk variables Patients with and without serious infection were com-
pared univariably using Chi-square test and unequalThe database contains records for 43 preoperative
variables, including 11 angiographic and 5 laboratory variance t tests. A multiple logistic regression model was
generated to assess the relationship between preopera-variables. Along with a detailed record of intraoperative
data, it also records 7 outcome variables, including post- tive renal function and infection while adjusting for the
potential confounders listed above. Locally weightedoperative morbidities and mortality. Patient level data
on the use of antibiotics was not recorded in the database. smoother scatter plots were generated to assess whether
the relationship of each continuous variable with infec-We selected 17 preoperative and intraoperative variables
to be tested for their association with primary and sec- tion was linear on the logit scale. If the relationship was
not linear, cut points were chosen based on the plotsondary outcomes. To determine the effect on mortality
we also examined the association of 4 major morbidities and the variable was entered in the model as a categorical
predictor. Model fit was assessed using the Hosmer-Lem-along with the preoperative and intraoperative variables.
The selection of variables was based upon our previous eshow Chi-square statistic. The multiple logistic regres-
sion model was generated using data from 21,307 patientsvalidation of the database for the determinants of ARF
and mortality [15], literature review of other analyses (1280 patients were excluded because they lacked preop-
erative albumin measurements, and 2 patients were ex-for the determinants of morbidity and mortality after
cardiac surgery [16–18], clinical judgment, and the com- cluded because they lacked information on their age at
surgery). To assess whether the results of the model werepleteness of the data collection.
Preoperative risk factors included anthropometric and dependent on the relationship between preoperative re-
nal function and infection, independent of the effect ofclinical variables such as age, gender, race, weight, his-
tory of diabetes mellitus, peripheral vascular disease, postoperative ARF, the same model was then fit on
the 20,276 patients who did not meet the criteria forcerebrovascular disease, chronic obstructive pulmonary
disease, congestive heart failure, left ventricular dysfunc- postoperative ARF. All tests were two-tailed and were
Thakar et al: Renal function and serious infections after open-heart surgery 241
Fig. 1. The relationship between preoperative creatinine clearance
(mL/min) and frequency of infection. The frequency of sepsis syndrome
and septic shock is indicated by the shaded portion. N  22,587; two
patients were missing information for age at surgery.
Fig. 3B. The frequency of infections in patients who developed acute
renal failure (ARF) not requiring dialysis, categorized based on preop-
erative creatinine clearance is shown.
Fig. 2. Shown is the frequency of infections by both of our definitions,
including patients with postoperative acute renal failure (ARF). The
shaded portion represents those patients who met the criteria for sepsis
syndrome and septic shock.
Fig. 4. The relationship between preoperative creatinine clearance
(mL/min) and frequency of infections after excluding those patients
who developed postoperative acute renal failure (ARF) by either of
our definitions. N  21,470; 2 patients were missing information for
age at surgery, one of which developed ARF requiring dialysis.
performed at a significance level of 0.05. SAS 8.2
software (SAS Institute, Inc., Cary, NC, USA) was used
for all analyses.
RESULTS
Serious infections occurred in 750 of the 22,589 pa-
tients for an overall incidence of 3.3%. A total of 318
patients (41.3%) met the criteria for sepsis syndrome/
Fig. 3A. The frequency of infections in patients who developed acute septic shock for an overall incidence of 1.4%.
renal failure (ARF) requiring dialysis, categorized based on preopera- Among the 1280 patients with missing values for serumtive creatinine clearance is illustrated. N  411; one patient in this
subgroup was missing information for age at surgery. albumin, the overall frequency of serious infection was
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Table 1. Univariate comparison of categorical risk variables in patients with and without serious infection
Serious infection No infection
(N  750; 3.3%) (N  21,839; 96.7%)
Categorical risk variables (N  22,589) N % N % P value
Gender 0.001
Male (N  15,851) 486 (64.8) 15,385 (70.4)
Female (N  6738) 264 (35.2) 6474 (29.6)
Race 0.38
White (N  20,231) 676 (90.1) 19,555 (89.5)
Non-white (N  2358) 74 (9.9) 2284 (10.5)
Diabetes mellitus 0.001
Insulin requiring (N  1983) 96 (12.8) 1887 (8.6)
Non-insulin requiring (N  3672) 142 (18.9) 3530 (16.2)
None (N  16,934) 512 (68.3) 16,422 (75.2)
Cerebrovascular disease 0.001
Yes (N  3726) 223 (29.7) 3503 (16.0)
No (N  18,863) 527 (70.3) 18,336 (84.0)
Peripheral vascular disease 0.001
Yes (N  2638) 184 (24.5) 2454 (11.2)
No (N  19,951) 566 (75.5) 19,385 (88.8)
Chronic obstructive pulmonary disease 0.001
Yes (N  1711) 107 (14.3) 1604 (7.3)
No (N  20,878) 643 (85.7) 20,235 (92.7)
Congestive heart failure 0.001
Yes (N  5752) 336 (44.8) 5416 (24.8)
No (N  16,837) 414 (55.2) 16,423 (75.2)
Ejection fraction 45% 0.001
Yes (N  5536) 253 (33.7) 5283 (24.2)
No (N  17,053) 497 (66.3) 16,556 (75.8)
Preoperative intra-aortic balloon pump 0.001
Yes (N  370) 49 (6.5) 321 (1.5)
No (N  22,219) 701 (93.5) 21,518 (98.5)
Previous cardiac surgery 0.001
Yes (N  4921) 271 (36.9) 4644 (21.3)
No (N  17,668) 473 (63.1) 17,195 (78.7)
Emergency surgery
Yes (N  685) 79 (10.5) 606 (2.8) 0.001
No (N  21,904) 671 (89.5) 21,233 (97.2)
Surgery type 0.001
CABG (N  12,840) 334 (44.5) 12,506 (57.3)
Valve (N  5344) 156 (20.8) 5188 (23.8)
Both (N  3282) 175 (23.3) 3107 (14.2)
Other (N  1123) 85 (11.3) 1038 (4.8)
CABG is coronary artery bypass graft.
Table 2. Univariate comparison of continuous risk variables in patients with and without infection
Serious infection No infection
(N  750; 3.3%) (N  21,839; 96.7%)
Continuous risk variables (N  22,589) Mean (SD) Mean (SD) P value
Agea years (N  22,587) 66.3 (11.3) (N  749) 62.6 (12.1) (N  21,838) 0.001
Albuminb g/dL (N  21,309) 3.8 (0.6) (N  697) 4.2 (0.5) (N  20,612) 0.001
Weight kg 79.3 (19.2) 80.8 (16.7) 0.034
Preoperative creatinine mg/dL 1.3 (0.65) 1.1 (0.41) 0.001
Cardiopulmonary bypass time minutes 143.6 (79.5) 103.6 (48.4) 0.001
a Two patients were missing values for age; b 1280 patients were missing values for albumin levels
similar to the rest of the study group (N  53; 4.1%; Univariate analysis
P  0.09), whereas among the 2071 patients who met The frequency of serious infections was inversely re-
the exclusion criteria, the frequency of infection was lated to the preoperative creatinine clearance. As shown
significantly higher when compared to the study group in Figure 1, in patients with creatinine clearance of 30
mL/minute, the frequency of infection was 10.0%,(N  224; 12.1%).
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were found to be significantly different except race. With
regard to intraoperative risk factors, the frequency of
infection was higher in patients with a longer cardiopul-
monary bypass time; the frequency of infection was also
influenced by the type of surgery (Fig. 5).
Multivariate analysis confirmed preoperative renal
dysfunction as an independent risk factor associated with
the occurrence of serious infection, along with all other
risk factors as listed in Table 3. The odds ratio for the
risk of infection was higher (OR, 1.3; CI, 1.10 to 1.6; P
0.001) in patients with serum creatinine of 1.2 mg/dL.
(The relationship of serum creatinine with infection was
nonlinear on the logit scale with a cut point at 1.2 mg/dL).
In order to eliminate the effect of postoperative ARF,
the multivariate analysis was performed after excluding
all of those patients who met the criteria for ARF by
either of our definitions. Preoperative renal dysfunction
Fig. 5. The frequency of infections within each category of type of prevailed as an independent risk factor (OR, 1.3; CI,open-heart surgery compared according to preoperative creatinine
1.01 to 1.70, P  0.029). All other risk factors wereclearance. The cutoff point at creatinine clearance of 60 mL/min was
based upon estimates on the logit scale, as well as the categories of similar to those listed in Table 3. Type and frequency
preoperative renal dysfunction. *P  0.001; **P  0.003. of infection are listed in Tables 4 and 5.
With regard to the duration of stay, we excluded 496
patients who died during hospitalization. The median
whereas it was 2.2% in those patients with creatinine duration of ICU stay for patients with infection was
clearance of 90 mL/minute (P  0.001). Similarly, the significantly longer compared to those without infection
frequency of sepsis syndrome and septic shock was also (435 vs. 29 hours, respectively; P  0.001). Similarly, the
higher in patients with lower preoperative creatinine median hospital stay for patients with infection was 36
clearance. It ranged between 4.2% and 1.0% among days, and was significantly longer, as compared to 9 days
those with creatinine clearance of 30 mL/minute and among those without infection (P 0.001). The associa-
90 mL/minute, respectively (P  0.001). tion between serious infection and duration of ICU and
The frequency of infections and sepsis among those hospital stay was similar even after eliminating the pa-
patients who developed postoperative ARF is shown in tients with postoperative ARF (data not shown).
Figure 2. In those patients who developed ARF requiring The overall mortality rate was 2.2% (N  496). There
dialysis, the frequency of infection was 58.5% vs. 23.7% were 238 deaths among the 750 patients who met the
among those who had a greater than 50% decline in criteria for serious infections (31.7%). Out of the total
creatinine clearance but did not require dialysis (P  number of hospital deaths, 436 deaths occurred in the
0.001). Among all of the patients who developed postop- ICU, of which 223 patients met the criteria for serious
erative ARF by either of our definitions (N  1118), infection. The odds ratio for mortality in patients with
however, the frequency of infection and sepsis was simi- serious infection, after adjusting for all of the preopera-
lar regardless of their degree of preoperative renal dys- tive and intraoperative risk factors along with other de-
function (P  0.05) (Fig. 3 A and B). fined postoperative morbidities, was 3.39 (CI, 2.53 to
To eliminate the effect of postoperative ARF we per- 4.54; P  0.001) [15].
formed the analysis by excluding all of those patients
who developed ARF by either of our definitions (N 
DISCUSSION1118). The overall infection rate in patients who did not
The present study demonstrates that preoperative re-develop ARF was 1.6% (N  320). As illustrated in
nal dysfunction increases the risk of serious infectionsFigure 4, the inverse relation between preoperative cre-
after open-heart surgery, independent of other risk fac-atinine clearance and the frequency of infections pre-
tors. It also demonstrates close relationships among post-vailed in this subgroup. It ranged between 4.2% and
operative ARF, serious infections, and mortality.1.1% in those patients with a creatinine clearance of
In patients undergoing open-heart surgery, the occur-30 mL/minute and 90 mL/minute, respectively (P 
rence of serious infections is influenced by their preoper-0.001).
ative comorbid status, intraoperative risk factors, andThe univariate comparison of the risk variables by
postoperative events. The interrelationship among base-whether or not the patient had serious infection are
shown in Tables 1 and 2. All of the preoperative variables line renal dysfunction, ARF, and infections, however,
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Table 3. Multivariate logistic regression model for serious infection (N  21,307)a
Risk factor Odds ratio 95% CI P value
Age 60 yearsb 1.3 1.1–1.6 0.005
Gender male 1.0 0.83–1.2 0.96
Race white vs. non-white 1.1 0.87–1.5 0.31
Weightb 0.029
70 kg vs. 85 kg 1.2 0.94–1.4
70–84 kg vs. 85 kg 0.88 0.70–1.1
Diabetes mellitus (insulin requiring) 1.1 0.89–1.5 0.35
Cerebrovascular disease 1.5 1.2–1.8 0.001
Peripheral vascular disease 1.8 1.5–2.2 0.001
Chronic obstructive pulmonary disease 1.5 1.2–1.9 0.001
Congestive heart failure 1.4 1.2–1.7 0.001
Ejection fraction 45% 1.0 0.86–1.2 0.80
Preoperative intra-aortic balloon pump 2.0 1.4–3.0 0.001
Previous cardiac surgery 1.6 1.4–1.9 0.001
Emergency surgery 2.1 1.5–2.9 0.001
Preoperative albumin (per unit increase) 0.44 0.38–0.51 0.001
Preoperative creatinineb 1.2 mg/dL 1.3 1.1–1.6 0.001
Surgery type 0.001
Valve vs. CABG 1.4 1.1–1.8
Combined vs. CABG 1.1 0.88–1.4
Other vs. CABG 2.3 1.7–3.1
Cardiopulmonary bypass timeb 0.001
75–120 minutes vs. 75 minutes 1.3 1.0–1.7
120 minutes vs. 75 minutes 2.8 2.2–3.6
CABG is coronary artery bypass graft.
a Two patients were missing values for age, 1280 patients were missing values for albumin; b for continuous variables with nonlinear relationship on the logit scale,
cut points were used based on the scatter plots
Table 5. Number of infectionsTable 4. Other types of infection among patients
with serious infectiona
Number of infections Number of patients %
per patient (N  750)Infection episodes % of total patients
Infection Type (N  1981) (N  750)
1 262 (34.33%)
2 139 (18.53%)Bacteremia 323 43.07%
Fungemia 153 20.4% 3 140 (18.67%)
4 99 (13.2%)Line infection 140 18.67%
Endocarditis 32 4.27% 5 58 (7.73%)
6 36 (4.8%)Sternal wound infection 32 4.27%
Empyema 36 4.8% 7 10 (1.33%)
8 5 (0.67%)Mediastinitisa 94 12.53%
Urinary tract infection 123 16.4% 9 1 (0.13%)
Wound infectiona 138 18.4%
Pneumoniaa 539 71.87%
Sepsis syndromea 271 36.13%
Septic shocka 100 13.33%
25.9%, respectively; P  0.001) as compared to thosea Mediastinitis, wound infection, pneumonia, sepsis syndrome, septic shock
comprise “serious infection.” who did not develop ARF (0.8%). Similarly, Corwin et
al [20] reported ARF associated with cardiac surgery in
572 patients. This analysis compared the risk factors and
outcomes among the ARF patients to a population ofare complex and less clear. A number of studies report
matched controls. The frequency of infection and sepsisthe frequencies of infections in patients with renal fail-
was significantly greater among the patients with ARF.ure. Liano et al [10] analyzed the spectrum of ARF in
None of these or other major studies address the inde-the ICU and other settings among 748 episodes of ARF.
pendent influence of preoperative renal dysfunction onInfections accounted for 40% of deaths in the ICU as
the risk of serious infections after open-heart surgery.compared to 20% in a non-ICU setting. Regarding post-
The present analysis demonstrates that patients withoperative infections, Zanardo et al [11] reported out-
preoperative renal insufficiency have an increased fre-comes in 775 consecutive patients undergoing open-heart
quency of postoperative infections, including sepsis syn-surgery. The frequency of infective complications was
drome and septic shock. Multivariate analysis confirmedhigher in patients with preoperative renal dysfunction
that the risk of infections was independent of other majoras compared to those with normal serum creatinine
preoperative and intraoperative risk factors, as accounted(9.7% vs. 2.3%; P  0.05); it was also higher in patients
who developed moderate or severe ARF (6.1% vs. for in the multivariate analysis. Importantly, the occur-
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rence of serious infections was associated with an in- between renal function and infection, most importantly,
creased risk of mortality, independent of other major postoperative ARF.
postoperative complications, including ARF.
Postoperative ARF was also associated with an in-
CONCLUSIONcrease in the frequency of infections. As expected, the
Preoperative renal dysfunction is an independent riskfrequency of infections was higher in patients who devel-
factor associated with the occurrence of serious postop-oped severe ARF requiring dialysis as compared to those
erative infections. Among those patients who developwho developed milder degrees of renal insufficiency not
postoperative ARF, the infection rate is influenced byrequiring dialysis. Within each of these subgroups, how-
the postoperative renal event rather than the baselineever, the frequency of infection was similar regardless
preoperative renal status. However, after eliminating theof their degree of preoperative renal dysfunction. We
effect of postoperative ARF, the relationship betweeninterpret this to indicate that among those patients who
preoperative renal dysfunction and postoperative infec-develop ARF after open-heart surgery, the postopera-
tive renal event is more important than their preopera- tion prevails. The data indicate that complex relation-
tive renal status in influencing the frequency of infec- ships exist between renal dysfunction, postoperative in-
tions. fection, and ARF.
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